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DRIVE CONTROLLING APPARATUS AND
DRIVE CONTROLLING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application is the national stage of International
Patent Application no. PCT/JP2012/066253, filed on Jun. 26,
2012, the disclosure of which is incorporated herein in its
entirety.

TECHNICAL FIELD

The present invention relates to a drive controlling appa-
ratus and a drive controlling method.

BACKGROUND ART

When an engine starts, a starter or other rotating power
outputting means drives the crank shaft of the engine to rotate.
At this time, frictions in the engine and the compression
pressure in the cylinder, particularly the compression pres-
sure in the compression stroke, act as a resistance to the
rotation. If the resistance to the rotation is too large, the
engine may stop rotating immediately before the top dead
center in the cylinder in the compression stroke and fail to
start. In particular, in hot start, the compression pressure
significantly increases, so that the start failure is likely to
occur.

To avoid the start failure, there is a technique of making the
rotating power outputting means intermittently apply the
torque in the forward direction or alternately apply the torque
in the forward direction and the reverse direction when the
engine stops rotating during start (see JP03-3969A, for
example).

According to the conventional technique, in which the
torque is intermittently applied in the forward direction or
alternately applied in the forward direction and the reverse
direction, the pressure in the cylinder is released when the
application of the torque is interrupted, the static friction is
changed to the kinetic friction to reduce the frictional force,
and an inertia torque is produced, thereby facilitating starting
the engine.

There is another technique of making the rotating power
outputting means drive the engine in the reverse direction at
the beginning of the starting of the engine and then drive the
engine in the forward direction (see JP07-71350A, for
example).

In this way, the pressure in the cylinder is released when the
application of the torque is interrupted, the frictional force is
changed from the static frictional force to the kinetic fric-
tional force and thereby reduced, and an inertia torque is
produced, thereby facilitating starting the engine.

When an ECU is powered on, there is no information
concerning the stroke of the engine at a standstill. According
to these conventional techniques, the engine is controlled to
start without identifying the current stroke of the engine.

That is, according to these conventional techniques, when
the ECU is powered on, the stroke of the engine is not iden-
tified before a motor starting control occurs.

The conventional techniques described above do not dis-
close any method of identifying the state of the engine at a
standstill when the ECU is powered on.

Therefore, these conventional techniques cannot be
applied as they are to a technique of controlling starting of a
motor depending on the stroke of the engine at a standstill, for
example.
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2
DISCLOSURE OF THE INVENTION

A drive controlling method according to an embodiment of
an aspect of the present invention is a drive controlling
method of controlling driving of a four-stroke engine based
on a signal output from a sensor that detects a change of a
rotation angle and a top dead center of the engine, compris-
ing:

a step of driving the engine in a forward direction by
applying a reference torque that exceeds a first top dead center
between an exhaust stroke and an intake stroke but does not
exceed a second top dead center between a compression
stroke and a combustion stroke to the engine in a forward
driving control, and then, after the engine stops rotating,
judging whether or not the rotation angle has passed through
the first top dead center as a result of a forward movement of
the engine based on whether a reference position signal that
indicates that the rotation angle has passed through the first
top dead center is output from the sensor;

a step of, in a case where it is judged that the rotation angle
has passed through the first top dead center, judging whether
ornot an amount of forward movement of the engine driven in
the forward direction is equal to or greater than an amount of
reverse movement of the engine driven in a reverse direction
based on a result of detection of the rotation angle by the
sensor;

a step of, in a case where it is judged that the rotation angle
has passed through the first top dead center, and the amount of
forward movement is equal to or greater than the amount of
reverse movement, judging that a current rotation angle of the
engine lies in the intake stroke or the compression stroke and
is positioned at a rotation angle shifted from the first top dead
center by a difference between the amount of forward move-
ment and the amount of reverse movement detected by the
sensor;

a step of, in a case where it is judged that the rotation angle
has passed through the first top dead center, and the amount of
forward movement is not equal to or greater than the amount
of reverse movement, judging that the current rotation angle
of the engine lies in the combustion stroke or the exhaust
stroke and is positioned at a rotation angle shifted from the
first top dead center by the difference between the amount of
forward movement and the amount of reverse movement
detected by the sensor;

a step of, in a case where it is judged that the rotation angle
has not passed through the first top dead center, judging
whether or not the amount of forward movement of the engine
driven in the forward direction is equal to or greater than the
amount of reverse movement of the engine driven in the
reverse direction based on a result of detection of the rotation
angle by the sensor;

a step of, in a case where it is judged that the rotation angle
has not passed through the first top dead center, and the
amount of forward movement is equal to or greater than the
amount of reverse movement, judging that the current rota-
tion angle of the engine lies in the intake stroke or the com-
pression stroke and is positioned at a rotation angle shifted
from a rotation angle shifted from the first top dead center in
the forward direction by a first correction amount by the
difference between the amount of forward movement and the
amount of reverse movement detected by the sensor; and

a step of, in a case where it is judged that the rotation angle
has not passed through the first top dead center, and the
amount of forward movement is not equal to or greater than
the amount of reverse movement, judging that the current
rotation angle of the engine is positioned at a rotation angle
shifted from the second top dead center in the reverse direc-
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tion by a second correction amount by the difference between
the amount of forward movement and the amount of reverse
movement detected by the sensor.

In the drive controlling method, the drive controlling
method may further comprise:

a step of starting the forward driving control to start apply-
ing a torque to the engine from a motor a rotating shaft of
which is connected to a crank shaft of the engine;

a step of starting measuring a torque application time from
the start of application of the torque to the engine;

a step of judging whether or not an rotation number of the
engine detected by the sensor has reached a target value;

a step of, in a case where it is judged that the rotation
number of the engine has not reached the target value, judging
whether or not the torque application time has reached a set
time; and

a step of, in a case where it is judged that the rotation
number of the engine has reached the target value or in a case
where it is judged that the torque application time has reached
the set time, stopping the forward driving control to stop
application of the torque from the motor to the engine.

In the drive controlling method, wherein in a case where it
is judged that the torque application time has not reached the
set time, the drive controlling method may return to the step of
judgment of whether or not the rotation number of the engine
detected by the sensor has reached the target value.

In the drive controlling method, the drive controlling
method may further comprise:

a step of acquiring a current reference section in which the
rotation angle lies after stopping the forward driving control;

a step of starting measuring a section residence time in
which the rotation angle lies in the reference section;

a step of acquiring a current section at present in which the
rotation angle lies;

a step of judging whether or not the reference section and
the current section are the same;

a step of, in a case where it is judged that the reference
section and the current section are the same, judging whether
or not the section residence time has reached a stop time; and

a step of, in a case where it is judged that the section
residence time has reached the stop time, judging that the
engine has stopped rotating.

In the drive controlling method, wherein in a case where it
is judged that the reference section and the current section are
not the same, the drive controlling method may return to the
step of acquisition of the current reference section in which
the rotation angle lies.

In the drive controlling method, wherein in a case where it
is judged that the section residence time has not reached the
stop time, the drive controlling method may return to the step
of acquisition of the current section at present in which the
rotation angle lies.

In the drive controlling method, wherein in the case where
the rotation angle has passed through the second top dead
center, the sensor may output reference position signal.

In the drive controlling method, wherein the first correction
amount may be the difference between a bottom dead center
between the intake stroke and the compression stroke and the
first top dead center.

In the drive controlling method, wherein the second cor-
rection amount may be the difference between a bottom dead
center between the intake stroke and the compression stroke
and the second top dead center.

A drive controlling method according to an embodiment of
an aspect of the present invention is a drive controlling appa-
ratus that controls driving of a four-stroke engine, compris-
ing:
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a storage part that stores a map used to control the engine;

an electric power controlling circuit that controls an opera-
tion of a motor that applies a torque to the engine; and

a CPU that refers to the ROM and controls the electric
power controlling circuit to control the motor based on a top
dead center and a change of a rotation angle of the engine
detected by a sensor,

wherein the drive controlling apparatus performs:

a step of driving the engine in a forward direction by
applying a reference torque that exceeds a first top dead center
between an exhaust stroke and an intake stroke but does not
exceed a second top dead center between a compression
stroke and a combustion stroke to the engine in a forward
driving control, and then, after the engine stops rotating,
judging whether or not the rotation angle has passed through
the first top dead center as a result of a forward movement of
the engine based on whether a reference position signal that
indicates that the rotation angle has passed through the first
top dead center is output from the sensor;

a step of, in a case where it is judged that the rotation angle
has passed through the first top dead center, judging whether
ornot an amount of forward movement of the engine driven in
the forward direction is equal to or greater than an amount of
reverse movement of the engine driven in a reverse direction
based on a result of detection of the rotation angle by the
sensor;

a step of, in a case where it is judged that the rotation angle
has passed through the first top dead center, and the amount of
forward movement is equal to or greater than the amount of
reverse movement, judging that a current rotation angle of the
engine lies in the intake stroke or the compression stroke and
is positioned at a rotation angle shifted from the first top dead
center by a difference between the amount of forward move-
ment and the amount of reverse movement detected by the
sensor;

a step of, in a case where it is judged that the rotation angle
has passed through the first top dead center, and the amount of
forward movement is not equal to or greater than the amount
of reverse movement, judging that the current rotation angle
of the engine lies in the combustion stroke or the exhaust
stroke and is positioned at a rotation angle shifted from the
first top dead center by the difference between the amount of
forward movement and the amount of reverse movement
detected by the sensor;

a step of, in a case where it is judged that the rotation angle
has not passed through the first top dead center, judging
whether or not the amount of forward movement of the engine
driven in the forward direction is equal to or greater than the
amount of reverse movement of the engine driven in the
reverse direction based on a result of detection of the rotation
angle by the sensor;

a step of, in a case where it is judged that the rotation angle
has not passed through the first top dead center, and the
amount of forward movement is equal to or greater than the
amount of reverse movement, judging that the current rota-
tion angle of the engine lies in the intake stroke or the com-
pression stroke and is positioned at a rotation angle shifted
from a rotation angle shifted from the first top dead center in
the forward direction by a first correction amount by the
difference between the amount of forward movement and the
amount of reverse movement detected by the sensor; and

a step of, in a case where it is judged that the rotation angle
has not passed through the first top dead center, and the
amount of forward movement is not equal to or greater than
the amount of reverse movement, judging that the current
rotation angle of the engine is positioned at a rotation angle
shifted from the second top dead center in the reverse direc-
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tion by a second correction amount by the difference between
the amount of forward movement and the amount of reverse
movement detected by the sensor.

In the drive controlling apparatus, wherein the drive con-
trolling apparatus may be capable of modifying the first cor-
rection amount and the second correction amount.

According to a drive controlling method according to an
aspect of the present invention, the engine is driven in the
forward direction by a predetermined reference torque, and
the position of the rotation angle of the engine driven in the
forward direction is judged based on information concerning
whether the rotation angle has passed through the first top
dead center in the forward movement of the engine, the
amount of forward movement of the engine driven in the
forward direction and the amount of reverse movement of the
engine driven in the reverse direction.

Therefore, the rotation angle of the engine can be judged
even if there is no information on the rotation angle of the
engine when the ECU is powered on.

That is, according to the drive controlling method accord-
ing to the aspect of the present invention, when the ECU is
powered on, the stroke of the engine can be identified before
a motor starting control occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an example of a configuration
of a drive controlling system 1000 according to an embodi-
ment 1, which is an aspect of the present invention.

FIG. 2 is a diagram showing an example of a relationship
between each stroke (a crank angle) of an engine 103 of the
drive controlling system 1000 shown in FIG. 1 and the pres-
sure in a cylinder.

FIG. 3 is a flowchart showing an example of the drive
controlling method according to the embodiment 1 per-
formed by the drive controlling apparatus 100 shown in FIG.
1.

FIG. 4 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, virtual stages corresponding to the rotation angle and
the reference position signal in the case where the rotation
angle has passed through the reference position in the forward
movement, and the amount of forward movement is equal to
or greater than the amount of reverse movement.

FIG. 5 is a diagram showing a relationship between the
amount of movement and a forward driving power in the case
shown in FIG. 4.

FIG. 6 is a diagram showing another example of the rela-
tionship among the engine strokes, the rotation angle, the
rotation load, the virtual stages corresponding to the rotation
angle and the reference position signal in the case where the
rotation angle has passed through the reference position in the
forward movement, and the amount of forward movement is
equal to or greater than the amount of reverse movement.

FIG. 7 is a diagram showing a relationship between the
amount of movement and the forward driving power in the
case shown in FIG. 6.

FIG. 8 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, the virtual stages corresponding to the rotation angle
and the reference position signal in the case where the rotation
angle has passed through the reference position in the forward
movement, and the amount of forward movement is smaller
than the amount of reverse movement.

FIG. 9 is a diagram showing a relationship between the
amount of movement and the forward driving power in the
case shown in FIG. 8.
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FIG. 10 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, the virtual stages corresponding to the rotation angle
and the reference position signal in the case where the rotation
angle has not passed through the reference position in the
forward movement, and the amount of forward movement is
equal to or greater than the amount of reverse movement.

FIG. 11 is a diagram showing a relationship between the
amount of movement and the forward driving power in the
case shown in FIG. 10.

FIG. 12 is a diagram showing another example of the
relationship among the engine strokes, the rotation angle, the
rotation load, the virtual stages corresponding to the rotation
angle and the reference position signal in the case where the
rotation angle has not passed through the reference position in
the forward movement, and the amount of forward movement
is equal to or greater than the amount of reverse movement.

FIG. 13 is a diagram showing a relationship between the
amount of movement and the forward driving power in the
case shown in FIG. 12.

FIG. 14 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, the virtual stages corresponding to the rotation angle
and the reference position signal in the case where the rotation
angle has not passed through the reference position in the
forward movement, and the amount of forward movement is
smaller than the amount of reverse movement.

FIG. 15 is a diagram showing a relationship between the
amount of movement and the forward driving power in the
case shown in FIG. 14.

BEST MODE FOR CARRYING OUT THE
INVENTION

In the following, an embodiment of the present invention
will be described with reference to the drawings.

Embodiment 1

FIG. 1 is a diagram showing an example of a configuration
of a drive controlling system 1000 according to an embodi-
ment 1, which is an aspect of the present invention. FIG. 2 is
a diagram showing an example of a relationship between each
stroke (a crank angle) of an engine 103 of the drive controlling
system 1000 shown in FIG. 1 and the pressure in a cylinder.

As shown in FIG. 1, the drive controlling system 1000 that
controls driving of the engine includes a drive controlling
apparatus (an engine control unit (ECU)) 100, a battery 101,
a motor 102, an engine (an internal combustion engine) 103
and a sensor 104.

The engine 103 is a four-stroke engine, for example. There-
fore, as shown in FIG. 2, the state of the engine 103 transits
through an intake stroke, a compression stroke, a combustion
stroke and an exhaust stroke. In addition, as shown in FIG. 2,
the pressure in the cylinder of the engine 103 (that is, the
resistance to the rotation of the crank) reaches a maximum at
a top dead center.

The motor 102 is configured to apply a torque to a crank
shaft of the engine 103. In this example, the motor 102 is
coupled to the crank shaft of the engine 103 in such a manner
that the motor 102 can apply a torque to and receive a torque
from the crank shaft. That is, the motor 102 functions as both
a electric motor and a generator.

The sensor 104 is configured to detect the rotation number
and the crank angle (a change of the rotation angle or a top
dead center, for example) of the engine 103 and output a
detection signal responsive to the result of the detection.
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In particular, the sensor 104 is configured to output a ref-
erence position signal as one detection signal if the rotation
angle passes through a first top dead center (a reference posi-
tion) between the exhaust stroke and the intake stroke and
through a second top dead center between the compression
stroke and the combustion stroke.

The battery 101 is configured to supply a driving electric
power to the motor 102 or be charged with an electric power
regenerated by the motor 102.

The drive controlling apparatus 100 is configured to con-
trol driving of the engine 103 by judging the state of the
engine 103 based on the detection signal (that is, the rotation
number and the crank angle (a change of the rotation angle or
the top dead center, for example) of the engine 103 obtained
from the detection signal).

The drive controlling apparatus 100 has a central process-
ing unit (CPU) 100aq, a read only memory (ROM) 1005 serv-
ing as a storage part and an electric power controlling circuit
100c, for example.

The electric power controlling circuit 100¢ is configured to
control the operation of the motor 102 that applies a torque to
the engine 103.

The ROM 1005 is configured to store a map for controlling
start or other operation of the engine 103 (i.e., for controlling
the motor 102).

The CPU 100aq is configured to refer to the ROM 1005 and
control the electric power controlling circuit 100¢ to control
the motor 102 based on the rotation number and the crank
angle (a change of the rotation angle or the top dead center, for
example) of the engine 103 detected by the sensor 101.

Next, there will be described an example of a drive con-
trolling method for the drive controlling apparatus 100 of the
drive controlling system 1000 configured as described above
to control driving of a four-stroke engine based on a signal
output from a sensor that detects a change of the rotation
angle and a top dead center of the four-stroke engine.

FIG. 3 is a flowchart showing an example of the drive
controlling method according to the embodiment 1 per-
formed by the drive controlling apparatus 100 shown in FIG.
1. That is, the drive controlling apparatus 100 performs the
following steps.

As shown in FIG. 3, first, the drive controlling apparatus
100 starts a forward driving control and makes the motor 102
a rotating shaft of which is connected to the crank shaft of the
engine 103 start applying a torque to the engine 103 (step S1).

Then, the drive controlling apparatus 100 starts measure-
ment counting of a torque application time from the start of
application of the torque to the engine 103 (step S2).

Then, the drive controlling apparatus 100 judges whether
or not the rotation number of the engine 103 detected by the
sensor 104 has reached a target value (step S3).

If'the drive controlling apparatus 100 judges in the step S3
that the rotation number of the engine 103 has not reached the
target value the drive controlling apparatus 100 judges
whether or not the torque application time has reached a set
time (step S4).

If the drive controlling apparatus 100 judges in the step S4
that the torque application time has not reached the set time,
the drive controlling apparatus 100 returns to the step S3, in
which the drive controlling apparatus 100 judges whether or
not the rotation number of the engine 103 detected by the
sensor 104 has reached the target value.

In this way, a reference torque that exceeds the first top
dead center between the exhaust stroke and the intake stroke
but does not exceeds the second top dead center between the
compression stroke and the combustion stroke is applied to
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the engine 103 in the forward driving control, thereby driving
the engine 103 in a forward direction.

On the other hand, if the drive controlling apparatus 100
judges in the step S3 that the rotation number of the engine
103 has reached the target value or judges in the step S4 that
the torque application time has reached the set time, the drive
controlling apparatus 100 judges that the reference torque is
applied to the engine 103, and stops the forward driving
control to stop the application of the torque from the motor
102 to the engine 103 (step S5).

After stopping the forward driving control, the drive con-
trolling apparatus 100 acquires a current reference section in
which the rotation angle lies (step S6).

Then, the drive controlling apparatus 100 starts measuring
a section residence time in which the rotation angle lies in the
reference section (step S7).

Then, the drive controlling apparatus 100 acquires a cur-
rent section at present in which the rotation angle lies (step
S8).

Then, the drive controlling apparatus 100 judges whether
or not the reference section and the current section are the
same (step S9).

If the drive controlling apparatus 100 judges in the step S9
that the reference section and the current section are not the
same, the drive controlling apparatus 100 returns to the step
S6, in which the drive controlling apparatus 100 acquires the
current reference section in which the rotation angle lies.

On the other hand, if the drive controlling apparatus 100
judges in the step S9 that the reference section and the current
section are the same, the drive controlling apparatus 100
judges whether or not the section residence time has reached
a stop time (step S10).

Ifthe drive controlling apparatus 100 judges in the step S10
that the section residence time has reached the stop time, the
drive controlling apparatus 100 judges that the engine 103 has
stopped rotating.

On the other hand, if the drive controlling apparatus 100
judges that the section residence time has not reached the stop
time, the drive controlling apparatus 100 returns to the step
S8, in which the drive controlling apparatus 100 acquires the
current section at present in which the rotation angle lies.

Then, after the engine 103 has stopped rotating, the drive
controlling apparatus 100 judges whether or not the rotation
angle has passed through the first top dead center as a result of
the forward movement of the engine 103 based on whether or
notthe sensor 104 has output the reference position signal that
indicates that the rotation angle has passed through the first
top dead center (step S11).

Then, if the drive controlling apparatus 100 judges in the
step S11 that the rotation angle has passed through the first top
dead center, the drive controlling apparatus 100 judges
whether or not the amount of forward movement of the engine
103 driven in the forward direction is equal to or greater than
the amount of reverse movement of the engine 103 driven in
a reverse direction based on the result of detection of the
rotation angle by the sensor 104 (step S12).

Ifthe drive controlling apparatus 100 judges in the step S11
that the rotation angle has passed through the first top dead
center and judges in the step S12 that the amount of forward
movement is equal to or greater than the amount of reverse
movement, the drive controlling apparatus 100 judges that the
current rotation angle of the engine 103 lies in the intake
stroke or the compression stroke and is positioned at a rota-
tion angle shifted from the first top dead center by the differ-
ence between the amount of forward movement and the
amount of reverse movement detected by the sensor 104 (step
S13).
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That is, an initial operation section of the engine is replaced
with the section after the stroke of the engine is identified
which is judged in the step S13.

Ifthe drive controlling apparatus 100 judges in the step S11
that the rotation angle has passed through the first top dead
center and judges in the step S12 that the amount of forward
movement is not equal to or greater than the amount of reverse
movement, the drive controlling apparatus 100 judges that the
current rotation angle of the engine 103 lies in the combustion
stroke or the exhaust stroke and is positioned at a rotation
angle shifted from the first top dead center by the difference
between the amount of forward movement and the amount of
reverse movement detected by the sensor 104 (step S14).

That is, the initial operation section of the engine is
replaced with the section after the reference position is
detected which is judged in the step S14.

On the other hand, if the drive controlling apparatus 100
judges in the step S11 that the rotation angle has not passed
through the first top dead center, the drive controlling appa-
ratus 100 judges whether or not the amount of forward move-
ment of the engine 103 driven in the forward direction is equal
to or greater than the amount of reverse movement of the
engine 103 driven in the reverse direction based on the result
of'detection of the rotation angle by the sensor 104 (step S15).

Ifthe drive controlling apparatus 100 judges in the step S11
that the rotation angle has not passed through the first top dead
center and judges in the step S15 that the amount of forward
movement is equal to or greater than the amount of reverse
movement, the drive controlling apparatus 100 judges that the
current rotation angle of the engine 103 lies in the intake
stroke or the compression stroke and is positioned at a rota-
tion angle shifted from the rotation angle shifted from the first
top dead center in the forward direction by a first correction
amount by the difference between the amount of forward
movement and the amount of reverse movement detected by
the sensor 104 (step S16).

That is, the initial operation section of the engine is cor-
rected with respect to 0 degrees in the intake stroke.

Ifthe drive controlling apparatus 100 judges in the step S11
that the rotation angle has not passed through the first top dead
center and judges in the step S15 that the amount of forward
movement is not equal to or greater than the amount of reverse
movement, the drive controlling apparatus 100 judges that the
current rotation angle of the engine 103 is positioned at a
rotation angle shifted from a rotation angle shifted from the
second top dead center in the reverse direction by a second
correction amount by the difference between the amount of
forward movement and the amount of reverse movement
detected by the sensor 104 (step S17).

That is, the initial operation section of the engine is cor-
rected with respect to 0 degrees in the combustion stroke.

The first correction amount is the difference between a
bottom dead center between the intake stroke and the com-
pression stroke and the first top dead center. The second
correction amount is the difference between the bottom dead
center between the intake stroke and the compression stroke
and the second top dead center.

The drive controlling apparatus 100 can modify the first
correction amount and the second correction amount. There-
fore, the drive controlling apparatus 100 can appropriately
modify the first correction amount and the second correction
amount depending on the movement of the engine 103.

As described above, the drive controlling apparatus 100
judges where the current rotation angle of the engine 103 lies
through the steps S13, S14, S16 and S17, and ends the flow.
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Next, a specific example in which the position of the rota-
tion angle is judged in the drive controlling method described
above will be described.

FIG. 4 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, virtual stages corresponding to the rotation angle and
the reference position signal in the case where the rotation
angle has passed through the reference position in the forward
movement, and the amount of forward movement is equal to
or greater than the amount of reverse movement. FIG. 5 is a
diagram showing a relationship between the amount of move-
ment and a forward driving power in the case shown in FIG.
4.

FIG. 6 is a diagram showing another example of the rela-
tionship among the engine strokes, the rotation angle, the
rotation load, the virtual stages corresponding to the rotation
angle and the reference position signal in the case where the
rotation angle has passed through the reference position in the
forward movement, and the amount of forward movement is
equal to or greater than the amount of reverse movement. FIG.
7 is a diagram showing a relationship between the amount of
movement and the forward driving power in the case shown in
FIG. 6.

FIG. 8 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, the virtual stages corresponding to the rotation angle
and the reference position signal in the case where the rotation
angle has passed through the reference position in the forward
movement, and the amount of forward movement is smaller
than the amount of reverse movement. FIG. 9 is a diagram
showing a relationship between the amount of movement and
the forward driving power in the case shown in FIG. 8.

FIG. 10 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, the virtual stages corresponding to the rotation angle
and the reference position signal in the case where the rotation
angle has not passed through the reference position in the
forward movement, and the amount of forward movement is
equal to or greater than the amount of reverse movement. FIG.
11 is a diagram showing a relationship between the amount of
movement and the forward driving power in the case shown in
FIG. 10.

FIG. 12 is a diagram showing another example of the
relationship among the engine strokes, the rotation angle, the
rotation load, the virtual stages corresponding to the rotation
angle and the reference position signal in the case where the
rotation angle has not passed through the reference position in
the forward movement, and the amount of forward movement
is equal to or greater than the amount of reverse movement.
FIG. 13 is a diagram showing a relationship between the
amount of movement and the forward driving power in the
case shown in FIG. 12.

FIG. 14 is a diagram showing an example of a relationship
among the engine strokes, the rotation angle, the rotation
load, the virtual stages corresponding to the rotation angle
and the reference position signal in the case where the rotation
angle has not passed through the reference position in the
forward movement, and the amount of forward movement is
smaller than the amount of reverse movement. FIG. 15 is a
diagram showing a relationship between the amount of move-
ment and the forward driving power in the case shown in FI1G.
14.

A stroke (A) in FIGS. 5,7, 9, 11, 13 and 15 corresponds to
the step S1 in FIG. 3. A stroke (B) in FIGS. 5,7,9,11, 13 and
15 corresponds to the steps S2, S3, S4 and S5 in FIG. 3. A
stroke (C) in FIGS. 5,7, 9, 11, 13 and 15 corresponds to the
steps S6, S7, S8, S9 and S10 in FIG. 3.
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In each diagram, one virtual stage corresponds to a rotation
angle of 30 degrees. However, the rotation angle correspond-
ing to one virtual stage is not limited to 30 degrees but may be
other angles, such as 10 degrees or 15 degrees.

As an example, in the case shown in FIGS. 4 and 5, the
rotation angle of the engine 103 moves in the forward direc-
tion from a stage (1), which is the initial position, to a stage
(1. In addition, the sensor 104 outputs the reference position
signal.

In this case, the drive controlling apparatus 100 judges in
the step S11 described above that the rotation angle has
passed through the first top dead center and judges in the step
S12 that the amount of forward movement is equal to or
greater than the amount of reverse movement. That is, as
shown in the step S13 described above, the drive controlling
apparatus 100 judges that the current rotation angle of the
engine 103 lies in the intake stroke or the compression stroke
and is positioned at a rotation angle shifted from the first top
dead center by the difference between the amount of forward
movement and the amount of reverse movement detected by
the sensor 104.

As another example, in the case shown in FIGS. 6 and 7, the
rotation angle of the engine 103 moves in the forward direc-
tion from a stage (2), which is the initial position, to a stage
(2") and moves in the reverse direction from the stage (2')to a
stage (2"). In addition, the sensor 104 outputs the reference
position signal.

In this case, the drive controlling apparatus 100 judges in
the step S11 described above that the rotation angle has
passed through the first top dead center and judges in the step
S12 that the amount of forward movement is equal to or
greater than the amount of reverse movement. That is, as
shown in the step S13 described above, the drive controlling
apparatus 100 judges that the current rotation angle of the
engine 103 lies in the intake stroke or the compression stroke
and is positioned at a rotation angle shifted from the first top
dead center by the difference between the amount of forward
movement and the amount of reverse movement detected by
the sensor 104.

As another example, in the case shownin FIGS. 8 and 9, the
rotation angle of the engine 103 moves in the forward direc-
tion from a stage (3), which is the initial position, to a stage
(3") and moves in the reverse direction from the stage (3")to a
stage (3"). In addition, the sensor 104 outputs the reference
position signal.

In this case, the drive controlling apparatus 100 judges in
the step S11 described above that the rotation angle has
passed through the first top dead center and judges in the step
S12 that the amount of forward movement is not equal to or
greater than the amount of reverse movement. That is, as
shown in the step S14 described above, the drive controlling
apparatus 100 judges that the current rotation angle of the
engine 103 lies in the combustion stroke or the exhaust stroke
and is positioned at a rotation angle shifted from the first top
dead center by the difference between the amount of forward
movement and the amount of reverse movement detected by
the sensor 104.

As another example, in the case shown in FIGS. 10 and 11,
the rotation angle of the engine 103 moves in the forward
direction from a stage (4), which is the initial position, to a
stage (4"). In addition, the sensor 104 does not output the
reference position signal.

In this case, the drive controlling apparatus 100 judges in
the step S11 described above that the rotation angle has not
passed through the first top dead center and judges in the step
S15 that the amount of forward movement is equal to or
greater than the amount of reverse movement. That is, as
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shown in the step S16 described above, the drive controlling
apparatus 100 judges that the current rotation angle of the
engine 103 lies in the intake stroke or the compression stroke
and is positioned at a rotation angle shifted from a rotation
angle shifted from the first top dead center in the forward
direction by the first correction amount by the difference
between the amount of forward movement and the amount of
reverse movement detected by the sensor 104.

As another example, in the case shown in FIGS. 12 and 13,
the rotation angle of the engine 103 moves in the forward
direction from a stage (5), which is the initial position, to a
stage (5') and moves in the reverse direction from the stage
(5") to a stage (5"). In addition, the sensor 104 does not output
the reference position signal.

In this case, the drive controlling apparatus 100 judges in
the step S11 described above that the rotation angle has not
passed through the first top dead center and judges in the step
S15 that the amount of forward movement is equal to or
greater than the amount of reverse movement. That is, as
shown in the step S16 described above, the drive controlling
apparatus 100 judges that the current rotation angle of the
engine 103 lies in the intake stroke or the compression stroke
and is positioned at a rotation angle shifted from a rotation
angle shifted from the first top dead center in the forward
direction by the first correction amount by the difference
between the amount of forward movement and the amount of
reverse movement detected by the sensor 104.

As another example, in the case shown in FIGS. 14 and 15,
the rotation angle of the engine 103 moves in the forward
direction from a stage (6), which is the initial position, to a
stage (6') and moves in the reverse direction from the stage
(6") to a stage (6"). In addition, the sensor 104 does not output
the reference position signal.

In this case, the drive controlling apparatus 100 judges in
the step S11 described above that the rotation angle has not
passed through the first top dead center and judges in the step
S15 that the amount of forward movement is not equal to or
greater than the amount of reverse movement. That is, in the
step S17 described above, the drive controlling apparatus 100
judges that the current rotation angle of the engine 103 is
positioned at a rotation angle shifted from a rotation angle
shifted from the second top dead center in the reverse direc-
tion by the second correction amount by the difference
between the amount of forward movement and the amount of
reverse movement detected by the sensor 104.

As described above, according to the drive controlling
method performed by the drive controlling apparatus 100, the
engine is driven in the forward direction by a predetermined
reference torque, and the position of the rotation angle of the
engine driven in the forward direction is judged based on
information concerning whether the rotation angle has passed
through the first top dead center in the forward movement of
the engine, the amount of forward movement of the engine
driven in the forward direction and the amount of reverse
movement of the engine driven in the reverse direction.

Therefore, the rotation angle of the engine can be judged
even if there is no information on the rotation angle of the
engine when the ECU is powered on.

That is, according to the drive controlling method accord-
ing to an aspect of the present invention, when the ECU is
powered on, the stroke of the engine can be identified before
a motor starting control occurs.

Itis to be noted that, although FIG. 1 shows the engine 103
and the motor 102 integrated with each other, the engine 103
and the motor 102 can be separate units.

The embodiment described above shows cases where the
motor 102 functions as both a electric motor and a generator.
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However, even if the motor 102 is coupled to the crank
shaft of the engine 103 so as to apply a torque thereto and
functions only as a motor, the effects and advantages of the
present invention can be achieved. In that case, another motor
that functions as a generator is additionally provided.

The embodiment described above is given for illustrative
purposes, and the scope of the present invention is not limited
thereto.

The invention claimed is:
1. A drive controlling method of controlling driving of a
four-stroke engine based on a signal output from a sensor that
detects a change of a rotation angle and a top dead center of
the engine, comprising:
driving the engine in a forward direction by applying a
reference torque that exceeds a first top dead center
between an exhaust stroke and an intake stroke but does
not exceed a second top dead center between a compres-
sion stroke and a combustion stroke to the engine in a
forward driving control, and then, after the engine stops
rotating, determining whether or not the rotation angle
has passed through the first top dead center as a result of
a forward movement of the engine based on whether a
reference position signal that indicates that the rotation
angle has passed through the first top dead center is
output from the sensor;
when it is determined that the rotation angle has passed
through the first top dead center, determining whether or
not an amount of forward movement of the engine driven
in the forward direction is equal to or greater than an
amount of reverse movement of the engine driven in a
reverse direction based on a result of detection of the
rotation angle by the sensor;
when it is determined that the rotation angle has passed
through the first top dead center, and the amount of
forward movement is equal to or greater than the amount
ofreverse movement, determining that a current rotation
angle of the engine lies in the intake stroke or the com-
pression stroke and is positioned at a rotation angle
shifted from the first top dead center by a difference
between the amount of forward movement and the
amount of reverse movement detected by the sensor;

when it is determined that the rotation angle has passed
through the first top dead center, and the amount of
forward movement is not equal to or greater than the
amount of reverse movement, determining that the cur-
rent rotation angle of the engine lies in the combustion
stroke or the exhaust stroke and is positioned at a rota-
tion angle shifted from the first top dead center by the
difference between the amount of forward movement
and the amount of reverse movement detected by the
sensor;

when it is determined that the rotation angle has not passed

through the first top dead center, determining whether or
not the amount of forward movement of the engine
driven in the forward direction is equal to or greater than
the amount of reverse movement of the engine driven in
the reverse direction based on a result of detection of the
rotation angle by the sensor;

when it is determined that the rotation angle has not passed

through the first top dead center, and the amount of
forward movement is equal to or greater than the amount
of reverse movement, determining that the current rota-
tion angle of the engine lies in the intake stroke or the
compression stroke and is positioned at a rotation angle
shifted from a rotation angle shifted from the first top
dead center in the forward direction by a first correction
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amount by the difference between the amount of forward
movement and the amount of reverse movement
detected by the sensor; and
when it is determined that the rotation angle has not passed
through the first top dead center, and the amount of
forward movement is not equal to or greater than the
amount of reverse movement, determining that the cur-
rent rotation angle of the engine is positioned from a
rotation angle shifted from the second top dead center in
the reverse direction by a second correction amount by
the difference between the amount of forward move-
ment and the amount of reverse movement detected by
the sensor, and
wherein driving the engine comprising:
starting the forward driving control to start applying a
torque to the engine from a motor a rotating shaft of
which is connected to a crank shaft of the engine;

measuring a torque application time from the start of appli-
cation of the torque to the engine;

determining whether or not an rotation number of the

engine measured by the sensor has reached a target
value;
when it is determined that the rotation number of the engine
has not reached the target value, determining whether or
not the torque application time has reached a set time and

when it is determined that the rotation number of the engine
has reached the target value or when it is determined that
the torque application time has reached the set time,
stopping the forward driving control to stop application
of the torque from the motor to the engine, and

wherein the torque application time is a time period that the
torque applies to the engine.

2. The drive controlling method according to claim 1,
wherein when it is determined that the torque application time
has not reached the set time, the drive controlling method
returns to the determination of whether or not the rotation
number of the engine measured by the sensor has reached the
target value.

3. The drive controlling method according to claim 1, fur-
ther comprising:

acquiring a current reference section in which the rotation

angle lies after stopping the forward driving control;
measuring a section residence time in which the rotation
angle lies in the reference section;

acquiring a current section at present in which the rotation

angle lies;

determining whether or not the reference section and the

current section are the same;
when it is determined that the reference section and the
current section are the same, determining whether or not
the section residence time has reached a stop time; and

when it is determined that the section residence time has
reached the stop time, determining that the engine has
stopped rotating.

4. The drive controlling method according to claim 3,
wherein when it is determined that the reference section and
the current section are not the same, the drive controlling
method returns to the step of acquisition of the current refer-
ence section in which the rotation angle lies.

5. The drive controlling method according to claim 3,
wherein when it is determined that the section residence time
has not reached the stop time, the drive controlling method
returns to the acquisition of the current section at present in
which the rotation angle lies.

6. The drive controlling method according to claim 1,
wherein the first correction amount is the difference between
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a bottom dead center between the intake stroke and the com-
pression stroke and the first top dead center.

7. The drive controlling method according to claim 1,
wherein the second correction amount is the difference
between bottom dead center between the intake stroke and the
compression stroke and the second top dead center.

8. A drive controlling apparatus that controls driving of a
four-stroke engine, comprising:

a storage part that stores a map used to control the engine;

an electric power controlling circuit that controls an opera-

tion of a motor that applies a torque to the engine; and

a CPU that refers to the storage part and controls the elec-

tric power controlling circuit to control the motor based
on a top dead center and a change of a rotation angle of
the engine detected by a sensor,
wherein the drive controlling apparatus, performs:
driving the engine in a forward direction by applying a
reference torque that exceeds a first top dead center
between an exhaust stroke and an intake stroke but does
not exceed a second top dead center between a compres-
sion stroke and a combustion stroke to the engine in a
forward driving control, and then, after the engine stops
rotating, determining whether or not the rotation angle
has passed through the first top dead center as a result of
a forward movement of the engine based on whether a
reference position signal that indicates that the rotation
angle has passed through the first top dead center is
output from the sensor;
when it is determined that the rotation angle has passed
through the first top dead center, determining whether or
not an amount of forward movement of the engine driven
in the forward direction is equal to or greater than an
amount of reverse movement of the engine driven in a
reverse direction based on a result of detection of the
rotation angle by the sensor;
when it is determined that the rotation angle has passed
through the first top dead center, and the amount of
forward movement is equal to or greater than the amount
ofreverse movement, determining that a current rotation
angle of the engine lies in the intake stroke or the com-
pression stroke and is positioned at a rotation angle
shifted from the first top dead center by a difference
between the amount of forward movement and the
amount of reverse movement detected by the sensor;

when it is determined that the rotation angle has passed
through the first top dead center, and the amount of
forward movement is not equal to or greater than the
amount of reverse movement, determining that the cur-
rent rotation angle of the engine lies in the combustion
stroke or the exhaust stroke and is positioned at a rota-
tion angle shifted from the first top dead center by the
difference between the amount of forward movement
and the amount of reverse movement detected by the
sensor;
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when it is determined that the rotation angle has not passed
through the first top dead center, determining whether or
not the amount of forward movement of the engine
driven in the forward direction is equal to or greater than
the amount of reverse movement of the engine driven in
the reverse direction based on a result of detection of the
rotation angle by the sensor;

when it is determined that the rotation angle has not passed
through the first top dead center, and the amount of
forward movement is equal to or greater than the amount
of reverse movement, determining that the current rota-
tion angle of the engine lies in the intake stroke or the
compression stroke and is positioned at a rotation angle
shifted from a rotation angle shifted from the first top
dead center in the forward direction by a first correction
amount by the difference between the amount of forward
movement and the amount of reverse movement
detected by the sensor; and

when it is determined that the rotation angle has not passed
through the first top dead center, and the amount of
forward movement is not equal to or greater than the
amount of reverse movement, determining that the cur-
rent rotation angle of the engine is positioned at a rota-
tion angle shifted from the second top dead center in the
reverse direction by a second correction amount by the
difference between the amount of forward movement
and the amount of reverse movement detected by the
sensor, and

wherein driving the engine comprising:

starting the forward driving control to start applying a
torque to the engine from a motor a rotating shaft of
which is connected to a crank shaft of the engine;

measuring a torque application time from the start of appli-
cation of the torque to the engine;

determining whether or not an rotation number of the
engine measured by the sensor has reached a target
value;

when it is determined that the rotation number of the engine
has not reached the target value, determining whether or
not the torque application time has reached a set time and

when it is determined that the rotation number of the engine
has reached the target value or when it is determined that
the torque application time has reached the set time,
stopping the forward driving control to stop application
of the torque from the motor to the engine, and

wherein the torque application time is a time period that the
torque applies to the engine.

9. The drive controlling apparatus according to claim 8,

wherein the drive controlling apparatus is capable of modi-
fying the first correction amount and the second correction
amount.



